The present study was undertaken with the aim of developing a method for determining radial nerve sensory responses which would be technically simple to perform, relatively painless, and give reliable recordings of sufficiently high amplitude to avoid the need for an electronic averager.
The radial nerve may be damaged by trauma along its rather exposed course and by toxins or vascular lesions due to systemic disease. Electrophysiologic evaluation of radial nerve function has been performed, but with many different methods and varying results. [1] [2] [3] [4] [5] Measurement of motor conduction velocity of the radial nerve was described first by Gassel and Diamontopoulos¢ and by Jebsen. Downie and Scott' measured conduction of radial sensory fibres in the forearm, finding a velocity similar to that of the median and ulnar nerves, but a very low amplitude of response (average 3-8 tLv). Other techniques have used different anatomical landmarks (the proximal phalanx of the thumb,4 the "anatomical snuffbox,"2 the wrist;'), have employed either needle5 or skin electrodes2 4 8 ; and have differed as to the distance over which the measurement is made. Feibel and Foca4 used a set distance of Il cm for measurement of distal latency, but reported low amplitudes of response (6 6 + ±Lv).
The present study was undertaken with the aim of developing a method for determining radial nerve sensory responses which would be technically simple to perform, relatively painless, and give reliable recordings of sufficiently high amplitude to avoid the need for an electronic averager.
Materials and methods
A TECA TE4 electromyograph (White Plains, New York) was used to elicit and record responses on photosensitive paper for measurement. The high frequency filter setting was 3 2 KHz; the low frequency filter setting, 32 Hz.
Temperature was measured with an electronic needle probe thermistor (Rochester Electro-Medical, Osseo, Minnesota) inserted in the body of the first dorsal interosseus muscle. Temperatures over 32.50 C were considered normal. Subjects with low temperatures had their arms warmed for 10 minutes in a water bath (400 C) and the temperature checked again before study. Stimulation was delivered with a handheld two-pronged stimulator (TECA); responses were recorded with 6 mm tin disc surface electrodes. Ground contact was established with a 2 5x2-5cm lead plate.
Technique Method I-The measurement of antidromic sensory action potentials is shown in fig 1. This is a modification of the method of Downie and Scott.2 A branch of the superficial radial nerve was palpated over the extensor pollicis longus tendon in the "anatomical snuffbox" approximately 3 cm distal to the radial styloid. The skin surface was cleaned with alcohol and a disc electrode (G,) was placed directly Radial nerve sensory conduction study Fig 1 Electrode placement for antidromic radial sensory conduction study (Method I). 929 on the nerve and secured with tape. If more than one branch was palpated the largest branch was used. A reference disc electrode (G2) was placed 3 5 cm distal to G1 over the body of the first dorsal interosseus muscle. The ground plate was placed over the dorsum of the wrist. Stimuli were applied with the bipolar stimulator on the dorsal lateral aspect of the radius, the cathode being nearest to and 10cm proximal to the G1 disc. In most subjects the superficial radial nerve was palpable at the stimulation site.
The intensity of the electrical stimulus was increased until the maximal response was obtained (range 50-250 volts, 0 05-0 1 ms). An intensity about 20% greater was chosen for supramaximal stimulation strength. Three super-imposed responses were recorded. By convention the distal latency was measured from onset of stimulation to the peak of the negative response and amplitude was measured peak to trough of the typical triphasic response ( fig  2) . A stimulus delay of 1 ms was used to permit accurate determination of the time of the onset of the stimulus. Method II-Orthodromic responses were recorded using the same electrode positions as in Method I except that discs over the snuffbox were employed as stimulation electrodes, and recording discs replaced the stimulator probes over the dorsal lateral radius. The cathode to G1 distance was still 10cm, and G, to G2 distance was 3 5 cm.
Method III-Antidromic stimulation was performed using a method similar to that of Shanhani et al. 8 The radial nerve was stimulated as in Method I and the response was recorded with two steel finger clip electrodes 1 cm apart (Rochester Electro-Medical) on the proximal phalanx of the thumb.
Method IV-Orthodromic sensory potentials were elicited in a similar manner as in Method III except that the clip electrodes on the thumb were used as stimulation electrodes, the more proximal electrode acting as the cathode. In the study of comparison of methods, data was analysed on a paired basis with no inferences as to mean values. In this study both normal and "abnormal" subjects were included.
Results
Comparison of Methods I-IV The amplitudes of the sensory potentials of 13 radial nerves (nine subjects) studied with the four different methods were compared. Some patients with radial nerve lesions were included in this preliminary study (table 1) . The amplitudes of the responses recorded by Method I were greater than those recorded by Methods III and IV (p<0 0005). There was a trend for the amplitude of the radial sensory response to be greater with Method I A graph of the latency values against age by decade showed a trend for the latency to increase with increasing age (fig 3) , a trend confirmed by a linear regression calculation with a correlation The radial sensory responses were obtained with Method I and the median and ulnar responses by the orthodromic technique described in the Methods. Analysis of the difference between pairs by the Student t-test showed that the radial nerve response amplitude was greater (p <0 0005) than the median and ulnar nerve response amplitudes with t=9-4 and 16-7, respectively Results obtained by Method I are compared to those of other investigators in table 4 . In addition to a higher mean amplitude of response, the technique described in this report does not require the use of averaging modules or constant temperature control and avoids the variability inherent in orthodromic radial nerve stimulation as described by other investigators. This variability was confirmed in the present study and may reflect the fact that the field of depolarisation of the stimulator probes increases as the stimulus intensity is increased.9 The effect of the increase in the size of the field of depolarisation would be most evident when stimulating the dorsum of the hand where the superficial radial nerve branches are dispersed, in contrast to the forearm where they travel in one bundle. On the dorsum of the hand a slight increase in the field of the stimulating electrodes may produce stimulation of other terminal branches in addition to the one passing over the tendon of the extensor pollicis longus (fig 4) .
The results from the study of normal subjects show that distal latency increases with age. Dylewska3 has noted that distal latency increased in subjects over the age of 35 years, while Feibel and Foca4 report prolongation in those over 50 years. Although the mean latency increased with each decade in this study, the upper limit of normal was 2-3 ms in subjects less than 30 years of age and 2-4 ms for all subjects who were older than 30 years. The maximum difference between extremities of normal subjects with respect to amplitude was 50% and with respect to peak latency, 10%. These limits are useful in the detection of unilateral nerve lesions and are similar to the magnitude of differences between the extremities reported in ulnar and median sensory conduction studies.'0
The amplitudes of response of the radial nerve elicited by this method were larger than those obtained from the median and ulnar nerves.
Because of the ease of study and relative rarity of radial injury from compression, radial sensory studies should prove useful for the evaluation of patients suspected of having peripheral neuropathy.
